Objective: To characterise the appetite control in habitual high fat (HF) and low fat (LF) phenotypes. Design: Four treatment conditions for each subject group in a fully repeated 2 6 2 6 2 measures design. Setting: The Human Appetite Research Unit at Leeds University, Psychology Department. Subjects: Eight lean HF (mean % fat intake746.7% daily energy) and eight lean LF (mean % fat intake729.9% daily energy) were recruited from the staff/student population of Leeds University. Interventions: All subjects were provided with either a low (2129 kJ) or high (3801 kJ) energy meal at midday and the capacity for compensation was later measured by nutrient challenge (ad libitum consumption of either high fat or high CHO foods). Satiation and satiety were assessed by changes in energy and nutrient intakes, hunger, fullness and food preferences. Results: The energy and nutrient manipulations gave rise to different levels in the rated intensity of hunger between HF and LF (P`0.01). HF rated their baseline hunger at a higher level than LF, and the nutrient induced changes in hunger had a much greater amplitude. HF consumed signi®cantly more energy from the high fat meals than from the high CHO meals (P`0.05); this effect was not observed in LF. HF ate more energy and a greater weight of the high fat foods but less energy and smaller weight of the high CHO foods than did the LF. HF rated the high fat and high CHO foods equally satisfying, tasty and ®lling, whereas LF indicated a preference for high CHO foods (P`0.05). Conclusions: The appetite control in habitual high and low fat consumers is different. HF`passively overconsume' fat whereas this effect is weak in LF. The HF ate a constant weight of food whereas LF ate a more constant level of energy. HF could not distinguish between high and low fat foods suggesting that they were intrinsically insensitive or`taste adapted' whereas LF were fat sensitive. The clear differences disclosed in response to signals generated by the characteristics of ingested food (weight, energy, nutrient composition, taste) suggest that habitual high and low fat consumers can be regarded as distinct behavioural phenotypes. The different styles of appetite control could arise from: (a) intrinsic physiological differences, or (b) a system which is adapted to deal with a particular type of diet. Sponsorship: This study was supported by the Biotechnology and Biological Sciences Research Council (BBSRC).
Introduction
There is a considerable body of evidence that diets high in fat are associated with weight gain and obesity (Lissner et al, 1987) . In part this arises because of the tendency of high fat foods, which are very energy dense (Prentice & Poppitt, 1996) , to induce a short term positive energy balance through the rapid intake of a large amount of energy. In many circumstances, this happens with no conscious intention to overeat, and the phenomenon has been termed passive overconsumption Prentice & Poppitt, 1996) . The food supply provides opportunities for overconsumption through the abundance of highly palatable, high fat, heavily marketed foods. Under these circumstances it may be questioned why everybody is not susceptible to high fat hyperphagia. However, it is clear that many individuals manage to selectively avoid high fat consumption. Moreover, it is possible to identify and categorise groups of individuals according to the amount of fat eaten. When high fat (HF; b 45 fat energy %) and low fat (LF;`35 fat energy %) individuals are compared they can be differentiated according to the types of foods consumed, amounts of other macronutrients, patterns of eating, food preferences and the degree of dietary restraint (Baghurst et al, 1994; Macdiarmid et al, 1996) . Because of these clearly distinctive behavioural pro®les HF and LF have been referred to as behavioural phenotypes (Blundell & King, 1996) . This is in keeping with the proposal that phenotypes may exist for the regulation and selection of nutrient or food intake (Bouchard, 1996) . In addition it has been stated that`F F F by focusing attention on speci®c causal factors whenever possible, and hence also on particularly well de®ned phenotypes, one enhances the chance of disentangling the underlying aetiology' (Rao et al, 1996) .
At the present time it is not clear whether these HF or LF phenotypes have a biological basis or simply constitute patterns entrained by particular environments or self imposed interventions (Green et al, 1994) . However it is known that rats, as well as humans, show distinct tenden-cies to selectively consume a high or low fat diet (see Blundell, 1983 , for review). Moreover, it has been demonstrated that high fat food preferences and intake in children are correlated with parental body fat (Fisher & Birch, 1995) , providing circumstantial evidence for the operation of a biological (possibly genetic) factor. In addition, there is a correlation between fat intakes in genetically identical twins (de Castro, 1993) . These ®ndings raise the possibility that biological differences concerning the control of appetite, (namely food preferences, eating patterns etc.), may underlay, at least in part, the development of HF and LF phenotypes. Alternatively, it can be deduced that the metabolic and physiological requirements to deal with quite different diets may change the physiological response to food and adjust the operation of the appetite control system. In other words, habitual consumption of a high or low fat diet may entrain different patterns of physiological satiety signals (both pre-and post-absorptive) which will mediate the expression of appetite and the pattern of eating. This possibility has been investigated in the following study. We have demonstrated that habitual HF and LF consumers show quite different responses to varying energy loads and nutritional challenges. Differences in both subjective and behavioural measures between HF and LF subjects suggests differences in underlying physiological responses (sensory or metabolic) to food.
Methods

Subjects
Sixteen healthy, non-obese males, who were`unrestrained' eaters, were recruited from the student-staff population of Leeds University.
Recruitment process
All volunteers who responded to advertisements were asked to complete a battery of questionnaires comprising:
1. Food Frequency Questionnaire (FFQ). The FFQ consisted of 63 commonly consumed food categories, with six levels for frequency of consumption. Standard portion sizes were used in analysis. This semi quantative type of FFQ used here was designed to re¯ect the habitual diet by allowing people to accurately estimate their dietary and nutrient intakes over the previous six months (Margetts et al, 1989) .
The Dietary Instrument for Nutrition Education (DINE).
The structure of this questionnaire was similar to that of a FFQ, but speci®cally designed to assess fat intake (Roe et al, 1994) . The initial calibration of the DINE proposed scores above 40 to correspond approximately to fat intakes of 122 g/d, and below 30±83 g/d. 3. Three Factor Eating Questionnaire (TFEQ). Stunkard & Messick, 1985) . This validated instrument was used here to provide a measure of dietary restraint.
Analysis of the FFQ was used to determine the habitual diets of each volunteer and this was con®rmed by the DINE score. Subjects with a TFEQ restraint score b 8 were excluded. A TFEQ score of 11 is normally used as a cut off point for serious dieting. Sixty-six subjects were investigated until eight high fat consumers and eight low fat consumers, who met all the criteria were identi®ed.
All subjects were in the age range 18±32 and had a body mass index (BMI)`27 kgm 72 .
Design
The purpose of this study was to assess the response of the HF and LF subjects to an energy manipulation (high vs low energy load) and a nutrient challenge (high fat vs high carbohydrate foods). The design incorporated features for the measurement of both satiating ef®ciency of foods and concurrent evaluation (Kissileff, 1984) . This design has been used in previous studies and has been demonstrated to be sensitive in obese and lean subjects (Green et al, 1994) . The study design was a 2 6 2 6 2 design with fully repeated measures on two factors. Both HF and LF groups participated in four experimental conditions:
Condition A: low ®xed energy lunch, high fat ad libitum dinner. Condition B: low ®xed energy lunch, high carbohydrate (CHO) ad libitum dinner. Condition C: high ®xed energy lunch, high fat ad libitum, dinner. Condition D: high ®xed energy lunch, high carbohydrate (CHO) ad libitum dinner.
Test foods
Lunch meals. Two ®xed energy lunch meals were used. Both lunches consisted of roast turkey sandwiches, apple, salted crisps and milk chocolate digestive biscuits. The nutritional composition of these lunches were very similar but differed in total energy (see Appendix 1).
Dinner meals. Two ad-libitum dinner meals were used that differed in macronutrient composition (see Appendix 2). The high fatmealconsistedofseven differenttypesof food itemsall containing a minimum of 50% fat (by energy). The high CHO meal consisted of seven different types of food items all containing a minimum of 50% CHO (by energy), and a maximum of 25% fat (by energy); an exception to this wascoleslawwhichcontained44.7%fatbyenergybutonly3% by weight.
All subjects were asked to taste and rate each food item for pleasantness before the initiation of the experimental procedure; if found to be unpleasant a closely matched alternative was found. Therefore all food items offered in these ranges of food had been rated as similarly pleasant by all subjects.
Procedure
Subjects operated under the experimental protocol from immediately after rising in the morning until going to bed on the same day. The experimental schedule is shown in Table 1 .
On the ®rst test day each subject was asked to consume a breakfast that was typical of their normal routine, even if this included not eating any breakfast. Subjects were required to keep a record of this breakfast and then to consume this identical breakfast in the remaining study days; regardless of this the subject was asked to report this breakfast on attending the research unit, Leeds University, on each study day. The subject was instructed not to eat again until attending the nutrition unit at approximately 12.00 midday.
On arrival at the Human Appetite Research Unit the subjects were ®rst asked to complete a questionnaire that asked for a rating of hunger, fullness, desire to eat and prospective consumption. The questions consisted of 100 mm visual analogue scales (VAS), which have been used previously in many studies and are known to be sensitive, and valid subjective markers of the motivation to eat in both nutritional and pharmacological studies (de Graaf, 1993; Hill & Blundell, 1990) . Lunch was then provided and the subject was asked to eat all of the food provided. Water was available ad-libitum. A second VAS was completed immediately post-lunch along with a post meal questionnaire containing 100 mm visual analogue scale questions that asked how tasty, how satisfying, how ®lling, and how much fat or CHO the meal contained.
Subjects were free to leave the laboratory after lunch but were instructed to not eat or drink anything (except water) until arriving for dinner four hours post-lunch, at 16.00 h. Further VAS were completed in the post-lunch±pre-dinner period. At each ad libitum dinner (fat or CHO foods), the subject was instructed to eat as little or as much as they liked until they were`comfortably full'. The weight of food consumed was recorded to the nearest 0.1 g. The total energy and macronutrient intakes from all test meals and food diary recordings were calculated using a combination of manufacturers' information and the British Food Tables. Subjects were allowed to leave the laboratory after the completion of the meal, VAS 9 and the post meal questionnaire; further VAS were completed throughout the evening. Subjects were instructed not to eat until three hours post-dinner, at approximately 19.00 h. Thereafter any food or drink consumed was recorded in a`household measures' food diary; the consumption of alcohol was prohibited on the test day. The order of study days for the subjects took place in a fully counterbalanced order.
Results
Details of the 16 recruited subjects: eight high fat and eight low fat consumers can be seen in Table 2 . The macronutrient variables and energy intake were derived from analysis of the FFQ. Independent t-tests were carried out on each variable and signi®cant differences were found between the two groups on DINE score, energy intake, fat intake, % fat intake, % CHO intake and protein intake. The HF and LF subjects met the criteria for inclusion in the groups. HF consumed signi®cantly greater absolute amounts of fat and a greater fat energy % but a smaller CHO energy % than LF. The % of protein did not differ between HF and LF. Both the FFQ and the DINE clearly identi®ed the high and low fat consumers. Although the FFQ is not designed to provide a measure of daily energy intake, this can be calculated and indicates that HF have greater energy intakes than LF. This observation is consistent with ®ndings from the analysis of the DNSBA (Macdiarmid et al, 1996) and the Leeds High Fat Study (Macdiarmid et al, 1995) .
Responses to ®xed energy lunches
The energy manipulations (consumption of 2129 or 3801 kJ lunch) gave rise to distinct levels of the rated intensity of hunger, fullness, desire to eat and prospective consumption. ANOVAs revealed that in the post-lunch to pre-dinner period all ratings showed main effects of lunch size and time along with signi®cant lunch size times subject group interactions. For example hunger was signi®cantly in¯uenced by lunch size (F[3,42] 8.44, P`0.001) and time (F[6,84] 66.7, P`0.000). Figure 1 indicates that hunger ratings were greater following the low energy lunch compared to the high energy lunch and that hunger increased in the post-lunch±pre-dinner period. However, comparison of Figures 1a and 1b shows clearly the nature of the lunch size 6 group interaction (F[3,42] 4.55, P`0.01). For HF, the two lunch sizes produced quite different degrees of suppression of hunger which were maintained throughout the following four hour period. In contrast hunger in the LF group showed only a small and insigni®cant effect of lunch size and this effect dissipated rapidly. These features were observed in other measured variables: fullness, desire to eat and prospective consumption. The differences between HF and LF in these related subjective responses to different energy loads can be seen clearly in Figure 1c in which the hunger pro®les are compared as means of the four conditions.
Ratings for the ad libitum meals
The high fat or high CHO ad-libitum meal also affected ratings of hunger, fullness, desire to eat and prospective consumption. In the pre-lunch to 3 h post-dinner period all ratings with the exception of fullness showed on ANOVA a signi®cant lunch type 6 dinner type 6 group interaction. For example hunger was suppressed less in LF than in HF after both high fat and high CHO dinner meals despite the fact that hunger ratings in the two groups interacted in the post-lunch to pre-dinner period (lunch Figure 2 . These ®gures show clearly that the effects of high fat and high CHO ad libitum meals have differing effects in HF and LF consumers. However, these post-dinner pro®les cannot be fully interpreted until the amounts consumed in the dinner meals are taken into account; this will be discussed later. However, it can be noted here that with the high CHO challenge, HF consumers showed a greater suppression of Table 2 to identify the rating scale number in the experimental schedule.
Are high-fat and low-fat consumers distinct phenotypes J Cooling and J Blundell hunger in the two hours post meal period (F[1,30] 5.57, P`0.05) even though they had consumed a lower weight of food and a smaller amount of energy than LF consumers.
Energy intakes at the ad libitum meal (nutritional challenge) Energy intakes with the nutritional challenge meals are shown in Table 3 . ANOVAs indicated a signi®cant main effect of dinner type (nutrient challenge) (F[1,14] 22.6, P`0.001). Overall, subjects ate more energy from the high fat foods than from the high CHO foods. However there was also a signi®cant group 6 dinner type interaction (F[1,14] 4.77, P`0.05). Further analysis of this interaction revealed that the main effect of nutrient challenge (fat or CHO) was more strongly observed in HF. That is, the difference in energy intake between the fat and CHO challenges was much stronger in the high fat consumers. At the test dinner HF consumers ate more from the high fat meals (mean intake 8038 kJ) than the low fat consumers (mean intake 7081 kJ). In contrast to this the LF consumers ate more from the high CHO meals (mean intake 6014 kJ) than high fat consumers (mean intake 5124 kJ). Considering the weight of food eaten at dinner; ANOVA indicated highly signi®cant effects of dinner type (F[1,14] 24.5, P`0.0001). That is, subjects ate a greater weight of the CHO foods than the high fat foods. Additionally a dinner type 6 subject group interaction (F[1,14] 10.5, P`0.01) was observed. This interaction indicated that the effect of the nutrient composition on weight of food consumed was much stronger in LF than in HF subjects. A comparison of the effects of the nutrient challenge on the energy and weights of food consumed by HF and LF is shown in Figures 3a and b. This ®gure indicates that the HF consumers ate a constant weight of food independent of the nutrient compostion of the foods offered. In contrast LF consumers responded to the nutrient challenge by eating different weights of the foods and thereby maintaining a more constant energy intake.
Post-meal questionnaire
Analysis of the post-dinner meal questionnaire revealed further differences between HF and LF. A main effect of subject group was observed for the VAS question:`how satisfying was your meal?' (F[1,14] 10.52, P`0.01) for which LF subjects rated the high fat and high CHO dinners at 34.1% and 57.0% satisfaction respectively; whereas HF rated both meals at 69.1%. A similar trend was seen for`how tasty was your meal?' (F[1,14] 8.33, P`0.05) and`how ®lling was your meal?' (F[1,14] 11.68, P`0.01). A signi®cant dinner type 6 subject group interaction was seen for`how satisfying was your meal? ' (F[3,42] 3.12, P`0.05); this trend was apparent but weaker with how`tasty was your meal? ' (F[3,42] 2.6, P 0.065 ns), and`how ®lling was your meal? ' (F[3,42] 2.6, P 0.065 ns). These group differences in the post-prandial subjective sensations should be compared with the energy and weight of food consumed. When averages across all four nutrient challenges are considered, HF and LF consumers ate almost identical weights (670 vs 667 g) and amounts of energy (6598 vs 6539 kJ). However, main effects of the post-meal questionnaire indicates that the food consumed was rated as less satisfying, less ®lling and less tasty by the LF consumers. In addition, HF consumers rated their meals as more satisfying, tasty and ®lling even when they ate less of it (high CHO challenges) than the LF consumers.
Discussion
This study has shown that two groups of subjects, characterised by habitual consumption of a high fat or low fat diet, show different pro®les of hunger in response to ®xed energy loads, and different behavioural and subjective responses to nutrient challenges. These behavioural features suggest that the sensory and metabolic processes underlying satiation and satiety operate differently in individuals who habitually consume diets varying in the proportion of fatty foods. This may have a number of potential implications.
The two groups showed differences in the rated expression of hunger sensations and in the amplitude of the change Figure 2 Pro®les of hunger (VAS rating scores) for HF and LF averaged for four conditions across the experimental day. The pro®les indicate differences between HF and LF consumers in response to both the ®xed energy lunch meals and to the nutrient challenges in the ad-libitum meals. Are high-fat and low-fat consumers distinct phenotypes J Cooling and J Blundell induced by meals. The HF showed initially higher levels of hunger (prior to the ®xed energy challenge) but hunger was then markedly suppressed in the post-ingestive period. In contrast LF reported less hunger before the ®xed loads and the degree of suppression caused by the meal was smaller. These measures suggest that the degree of hunger experienced by these groups is more intense in HF than LF, and that HF experience a greater dissipation of hunger with eating. More remarkable was the response pattern identi®ed by the signi®-cant energy load 6 group interaction. This revealed that the consumption of the different meals which differed substantially in weight, volume and energy value produced clearly different changes in hunger and fullness in HF, but indistinguishablechanges in LF.This suggests a differentsensitivity in the early post-ingestive physiological signals which could involve gastric sensory mechanisms or upper intestinal sensory or hormonal responses. It should be noted that recent studies have demonstrated a different satiety response to CCK inratsadaptedtohighandlowfatdiets (Covasa& Ritter,1997) .
Continual experience with a particular macronutrient would be likely to lead to an adaptation of those physiological mechanisms most readily activated by that nutrient, and a weaker facilitation of those involved with other macronutrients. In turn, any relative sensitivity of different physiological mechanisms (satiety signals) would be re¯ected in the responses to different types of foods. An alternative (or additional) mechanism could arise from the conditioning of food characteristics and physiological responses (Booth, 1985; Tordoff et al, 1990) . The differences in the response pro®les to ®xed energy loads in HF and LF subjects were complemented by a clear separation in the effects of the nutrient challenges. These differences were re¯ected in signi®cant nutrient 6 group interactions for both energy value and weight of food freely consumed. The distinctive patterning of the meal intakes can be seen graphically in Figure 3 . Independent of the fat or CHO content of the foods in the nutrient challenges, HF consumed a uniform weight of food. This suggested that in HF subjects the physiological signals generated by the weight of food consumed may well form the basis for judgements of`fullness'. This uniform consumption of food which varied in energy density obviously resulted in a much greater intake of energy from the high fat foods. In contrast, LF subjects ate different weights of the two types of diet; this resulted in a more uniform amount of energy taken in. Moreover the LF subjects ate greater amounts of the high CHO foods which were obviously more similar to their habitually eaten foods than the high fat food items. Indeed the greatest weight (volume) of foods eaten in these nutrient challenges were represented by the high CHO foods in LF subjects. In LF subjects the smaller amount of food consumed from the high fat meal raises the possibility that some early detection of fat content of these foods (by the mouth, stomach and upper intestine) generated a signal which Figure 3 Comparison between HF and LF consumers for food freely consumed during the ad-libitum dinner meals containing either high fat or high carbohydrate foods. Histograms represent means (AEs.e.) for energy intake (a) and for weight of food eaten (b). The two groups of subjects display contrasting patterns.
Are high-fat and low-fat consumers distinct phenotypes J Cooling and J Blundell inhibited eating and contributed to the judgement of fullness. Indeed, it has been suggested that fat can be sensed in the mouth and induce subsequent post-ingestive physiological responses (Mattes, 1996) . Moreover, a reduced intake of high fat (compared with high CHO) foods has been noted in previous studies (Green et al, 1994; King & Blundell, 1995) and may have arisen because of the preponderance of LF consumers in those studies. This marked difference between weights of food consumed (and the resulting energy intakes) again suggests the operation of satiety signals varying in strength due to the habitual exposure to different nutrients. It can be deduced that due to the lower energy density of high CHO foods, LF consumers would normally eat a greater mass of food (for the energy equivalent) than HF consumers. Consequently the physiological responses to ingestion are likely to be entrained to deal with larger stomach volumes (and faster gastric emptying) than HF; but less trained to deal with fatty foods. On the other hand, in HF consumers, because of the higher energy density of the habitual diet, the physiological system is more likely to deal habitually with smaller volumes of food in the stomach but a slower rate of gastric emptying (due to the fat content). Consequently, the responses of HF and LF in these nutrient challenges is consistent with the expected adaptation of the physiological system to habitually different types of diets. Physiological adaptation even to short-term high fat interventions have been noted in human subjects (French et al, 1995) .
In addition to these behavioural responses to the nutrient challenges, HF and LF also showed signi®cantly different post-prandial subjective evaluations of the meal consumed. Interestingly, LF consumers rated their meals as having generated a lower feeling of satisfaction, tastiness and ®lling capacity. These overall group differences occurred despite the fact that the two groups consumed almost identical weights of the different diets (averaged across four meals). These lower subjective ratings by the LF consumers were not biased by their appreciation based on the fat content of foods since their ratings were lower than HF consumers even when they ate a greater amount of the high CHO foods which more closely resembled their habitual (preferred) diets. In contrast HF consumers rated their meals as more tasty, satisfying and ®lling even when they ate less of it (high CHO challenge) than the LF consumers.
It may be surmised that the HF and LF consumers were simply eating more of the food they liked the mostÐeven though the food items in the different ranges were rated as equally pleasant prior to the start of the challenges. However, this interpretation is not favoured since there is no correlation between the amounts of foods consumed and the post-prandial ratings of satisfaction; for LF (r 70.08, P 0.68), HF (r 70.07, P 0.71), or for the whole group (r 70.06, P 0.66). Consequently, it appears that LF consumers actually regard their eating as providing less tastiness and satisfaction than do HF. It is therefore possible that HF consumers are disposed to derive greater pleasure from food consumption.
The results of this investigation have produced an unpredicted but consistent pattern of responses. HF and LF consumers have demonstrated different responses on a range of subjective and behavioural measures to both ®xed energy and ad-libitum challenges. It appears as if physiological mechanisms, forming part of the basis for appetite control, are operating differently in the two groups. Of course, a study of this type cannot indicate whether these behavioural responses arise from intrinsic (pre-existing) biological differences or from an adaptation to different nutritional environments. For the moment it must be assumed that the latter is the most likely explanation. However, in subsequent studies with different groups of subjects, we have demonstrated that HF and LF have distinctive physiological characteristics (resting metabolic rate and basal heart rate) and also different patterns of thermogenic responses to meals. Consequently, the different patterns noted in this study are not restricted to behavioural responses and subjective feelings. Indeed, this should be expected since animal studies have indicated distinct changes in oxidative metabolism (Mayes & Felts, 1967) and speci®c metabolism of fats (Reed et al, 1991) in rats fed high fat diets. It is also well accepted that the fat content of the diet will in¯uence the fuel mix oxidised (Jebb et al, 1996) probably through changes in intermediary metabolism (Frayn, 1995) . Since the Health and Lifestyle Survey (1987) has also demonstrated certain differences in reactivity (reaction time measures) between LF and HF, there is an accumulating body of evidence for a constellation of psychobiological responses which differentiate people identi®ed by the fat content of the habitual diet. Indeed the differences between HF and LF in terms of appetite control, demonstrated here, may form only a part of more extensive effects associated with the habitual consumption of fat (Hillbrand & Spitz, 1996) .
These different responses to the amount and type of food consumed have methodological implications for studies on appetite control (and energy balance). The outcome of any particular experiment could depend on the habitual diet of the subjects recruited for the study. With a mixed group of subjects this could lead to the absence of a positive outcome (average of two distinct patterns) or, in the case of inadvertent selective recruiting, it could lead to a misleading extreme response. In any case, the inclusion of both HF and LF subjects in a study would almost certainly lead to a wide variability in subjects' response to fat and CHO challenges; this phenomenon has been noted in studies from our laboratory Green et al, 1994) and that of others. Such variability may not be haphazard or simply due to individual variation; the variability could be due to the use of different categories of subjects collectively labelled by their diet selection. Indeed, although much current research is based on the understanding that a uniform appetite control exists in all types of subjects, other recent evidence suggests that people characterised by their morphology display differences in the central control of appetite (Krotkiewski et al, 1997) . Consequently, the idea of a common system of appetite control operating similarly in all individuals may have to be revised and possibly replaced by a conceptualisation which re¯ects a system modulated by intrinsic or acquired biases.
Further investigation willrevealthe identity of the processes (pre-existing biological differences, food-physiology conditioning, sensory-psychological perception) responsible for the differences observed here between habitual high fat and low fat consumers. However, the emerging patterns of responsesÐ physiological and behaviouralÐsuggest that these groups can be regarded as distinct phenotypes. The pro®les of characteristics associated withthese phenotypescould have implications for the relationship between diet and obesity, research designs in appetite control, and nutritional strategies for weight control. Are high-fat and low-fat consumers distinct phenotypes J Cooling and J Blundell
